The activation of porcine pancreatic lipase by cis-unsaturated fatty acids.
In the presence of taurodeoxycholate, cis-unsaturated fatty acids increase porcine pancreatic lipase activity 15-fold at pH 7.5. This effect is saturable with a low proportion of fatty acid to substrate. The overall angle of the fatty acid, the position of its double bond and the presence of a carboxyl group were critical factors in whether the fatty acid effectively increased lipase activity. When the substrate is emulsified by taurodeoxycholate, the pH optimum for lipase ranges from 6.2 to 7.0. In the presence of cis-unsaturated fatty acids, the overall activity of lipase increases, the pH optimum shifts, and the pH-activity curve becomes biphasic, with one optimum around pH 7.7, and the other around pH 8.8. Fluorescence studies indicate that fatty acids bind near aromatic residues in lipase, particularly tryptophan. Using the fluorescent fatty acid cis-parinaric acid, it was determined that multiple binding sites are present with Kd values of approx. 10(-6) M. Far-UV circular dichroism (CD) studies indicate that in addition to a high affinity fatty acid binding site with a Kd of approx. 10(-6) M, there is also a low affinity binding site with a Kd of approx. 10(-4) M. The far-UV CD data also show that cis-unsaturated fatty acids change the conformation of lipase. It is calculated that the percentage of alpha helix decreases, and the amount of beta sheet and beta turn structure increases. Because the three-dimensional crystal structure of lipase is known, a model is proposed to describe how cis-unsaturated fatty acids increase lipase activity.